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MOVING IMAGE CODING APPARATUS AND
MOVING IMAGE DECODING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a divisional application of and
claims the benefit of prionity under 35 U.S.C. §120 from U.S.

application Ser. No. 13/918,205, filed Jun. 14, 2013, which 1s
a divisional application of and claims the benefit of priority
under 33 U.S.C. §120 from U.S. application Ser. No. 12/067,
729 (now U.S. Pat. No. 8,467,450), filed Mar. 21, 2008, which
1s a national stage of International Application No. PCT/
JP2006/318861, filed Sep. 22, 2006, which 1s based upon and
claims the benefit of priority under 35 U.S.C. §119 from prior
Japanese Patent Application No. 2005-278369, filed Sep. 26,
20035. The entire contents of each of the above are incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a moving 1image coding,
apparatus which divides a moving 1mage into rectangular
regions and codes the moving 1image 1n units of the rectangu-
lar regions, and a moving image decoding apparatus which
decodes a coded moving image 1 units of rectangular
regions.

BACKGROUND OF THE INVENTION

As a conventional method of coding or decoding an 1mage
signal, there has been provided MPEG-4 (Moving Picture
Experts Group Phase-4) visual (ISO/IEC 14496-2). MPEG-4
1s a method of regarding a moving i1mage sequence as a
collection of moving 1mage objects each of which has an
arbitrary shape in space and 1n time, and performing coding
and decoding the moving 1mage sequence in units of each
moving image object.

In MPEG-4, each moving image object including a time
axis 1s referred to as a Video Object, each element of a Video
Object 1s referred to as a Video Object Layer (VOL), each
clement of a VOL 1s referred to as a Group of Video Object
Plane (GOV), and image data which shows the state ofa GOV
at each time and which 1s used as a unit to be coded 1s referred
to as a Video Object Plane (VOP). In a case of handling an
object of rectangular shape, a VOP corresponds to a frame.
Each VOP 1s coded 1n units of each macro block which 1s a
unit region to be coded. Each macro block 1s a rectangular
block of 16 pixelsx16 lines. Each macro block 1s further
divided into blocks of 8 pixelsx8 lines, and a motion com-
pensation prediction 1s performed in units of each macro
block or each block of 8 pixelsx8 lines.

Selection of the size of each block for the motion compen-
sation prediction can be changed for each of the macro
blocks. Whether to code a target macro block can be deter-
mined for each of the macro blocks. When not coding the
target macro block (1n a non-coding mode), decoded data
about a macro block at the same position (right 1n back) of an
immediately-previous frame are used. When the target macro
block 1s coded, whether to perform a motion compensation
prediction (an inter coding mode) or to perform the coding
using only information about the target frame without per-
forming any inter frame prediction using a motion compen-
sation prediction (an 1ntra coding mode) can be selected 1n
units of each macro block.

Furthermore, there has been provided an image coding/
decoding method of being able to divide an 1image 1nto macro
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blocks having a plurality of sizes in division of the 1image nto
blocks when performing a coding process, thereby making a

macro block corresponding to a part of the image with higher
importance 1n 1ts 1mage quality have a smaller size and also
making a macro block corresponding to a part of the image
with lower importance 1n 1ts image quality have a larger size
(for example, refer to patent reference 1).

|[Patent reference 1] JP,11-146367,A

A problem with such the conventional 1image coding/de-
coding method 1s that because the macro block size 1s fixed,
the macro block size cannot be changed adaptively according
to the resolution of the image or the descriptions of the image
(the fineness of a pattern of the image, the intensity of a
motion in the image, etc.). Particularly, when the resolution of
the 1image becomes high, the use of the fixed macro block size
adopted by the conventional image coding/decoding method
causes a case 1n which a region covered by macro blocks 1s
localized, and neighboring macro blocks have the same cod-
ing mode or the same motion vector. In such a case, because
the overhead due to coding mode information and motion
vector information which are coded 1n units of each macro
block increases though the prediction efficiency does not
increase, the whole coding efficiency decreases.

When the image has few motions or any motion in frames
of the image 1s constant even 11 the image has a low resolution,
the conventional 1mage coding/decoding method causes a
case 1n which neighboring macro blocks have the same cod-
ing mode (non-coding mode) or the same motion vector.
Generally, when the size of each macro block 1s large, the
amount of information about the overhead required in units of
cach macro block, such as the coding mode, can be reduced.
However, because switching of the coding mode 1n units of a
unit region having a smaller size than the macro block size
cannot be performed, the prediction efficiency in the vicinity
of a boundary of a region having large intensity of motion or
a region including different motions (a person and a back-
ground, or the like) decreases, and therefore the coding effi-
ciency decreases. In contrast, when the size of each macro
block 1s small, although the number of macro blocks
increases and the amount of information about the overhead,
such as the coding mode, increases, because switching of the
coding mode can be performed adaptively 1n the vicinity of a
boundary of a region having large intensity of motion or a
region including different motions (a person and a back-
ground, or the like), the predictive efficiency 1s improved and
therefore the coding efficiency 1s improved.

Furthermore, a problem with the technology disclosed by
above-mentioned conventional patent reference 1 1s that
because the size 1s changed adaptively within each frame, the
amount of codes of the rectangular size information 1s large.

The present invention 1s made 1n order to solve the above-
mentioned problems, and 1t 1s therefore an object of the
present invention to provide a moving 1image coding appara-
tus which can code an 1mage while changing the size of each
of rectangular regions adaptively according to the resolution
or the descriptions of the image, and which can suppress the
increase in the rectangle size information of the coded image
due to the changing, and a moving image decoding apparatus.

DISCLOSURE OF THE INVENTION

A moving image decoding apparatus for decoding an
encoded bit stream, the encoded bit stream being obtained by
dividing a moving image into rectangular regions and coding
the rectangular regions as units. The decoding apparatus
includes a rectangular region size decoder, a rectangular
region size determiner, a coding mode decoder, and a rectan-
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gular region decoder. The rectangular region decoder decodes
block size indication information indicating a unit on which
an 1verse quantization and inverse orthogonal transforma-
tion process are to be performed. The rectangular region
decoder performs 1nverse quantization and mverse orthogo-
nal transformation process based on the block size indication
information.

The vention also includes a moving image decoding
method for decoding an encoded bit stream. The encoded bit
stream being obtained by dividing a moving image into rect-
angular regions and coding the rectangular regions as units.
The method comprises a rectangular region size decoding
step, a rectangular region size determining step, a coding
mode decoding step, and a rectangular region decoding step.
The rectangular region decoding step decodes block size
indication information indicating a unit on which an mverse
quantization and inverse orthogonal transformation process
are to be performed, and performs the inverse quantization
and mverse orthogonal transformation based on the block size
indication information.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 1s a block diagram showing a moving image coding,
apparatus 1n accordance with Embodiment 1 of the present
invention;

FIG. 2 1s an explanatory drawing showing an example (a
first example) of division of an 1mage 1nto regions each of
which 1s used as a unit for motion compensation 1n the mov-
ing 1mage coding apparatus in accordance with Embodiment
1 of the present invention;

FIG. 3 1s an explanatory drawing showing an example (a
second example) of division of an 1image 1nto regions each of
which 1s used as a unit for motion compensation 1n the mov-
ing 1mage coding apparatus in accordance with Embodiment
1 of the present invention;

FIG. 4 15 an explanatory drawing ol motion vector detec-
tion 1n the moving 1image coding apparatus in accordance with
Embodiment 1 of the present invention;

FIG. 5 1s an explanatory drawing of intra prediction in the
moving image coding apparatus 1n accordance with Embodi-
ment 1 of the present invention;

FIG. 6 1s an explanatory drawing of a case in which macro
block size information 1s changed in units of slices in the
moving 1mage coding apparatus 1n accordance with Embodi-
ment 1 of the present invention; and

FIG. 7 1s a block diagram showing a moving image decod-
ing apparatus i accordance with Embodiment 2 of the
present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

Herealiter, in order to explain this invention in greater
detail, the preferred embodiments of the present invention
will be described with reference to the accompanying draw-
ngs.

Embodiment 1

FI1G. 1 1s a block diagram showing a moving image coding,
apparatus 1n accordance with Embodiment 1 of the present
invention.

In the figure, the moving image coding apparatus 1s pro-
vided with a macro block size determining unit (a rectangular
region size determining means) 1, amacro block dividing unit
(arectangular region dividing means) 2, a macro block coding
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4

unit (a rectangular region coding means) 3, and an entropy
coding unit (a rectangular region size information multiplex-
ing means) 4. The macro block coding unit 3 1s provided with
a coding mode determining part (a coding mode determining
means) 5, a motion compensation region dividing part (a
motion compensation region dividing means) 6, a motion
detecting part (a motion detecting means) 7, a motion com-
pensation part (a motion compensation means) 8, a subtractor
9, a block dividing part (a block dividing means) 10, a trans-
formation/quantization part (a transformation/quantization
means) 11, an 1mverse quantization/inverse transiormation
part 12, an adder 13, a reference 1mage memory 14, an intra
prediction block dividing part (an intra prediction block
dividing means) 15, and an 1ntra prediction part (an intra
prediction means) 16.

The macro block size determining unit 1 1s a functional unit
for determining the size of each of macro blocks on a frame-
by-frame basis, and outputs this size as macro block size
specification mformation (rectangular region size informa-
tion) 102. The macro block dividing unit 2 1s a functional unit
for dividing an inputted 1mage 101 into macro blocks each
having the si1ze determined by the macro block size determin-
ing unit 1. The macro block coding unit 3 has a function of
determining a coding mode for each macro block, and coding
pixel values 1n each macro block 1n the determined coding
mode.

The entropy coding unit 4 has a function of multiplexing,
the macro block size specification information 102 deter-
mined by the macro block size determiming unit 1, block size
specification information 108, and the coding mode informa-
tion 106 outputted from the coding mode determining part 3,
coellicient data 109 acquired by the transformation/quantiza-
tion part 11, and motion vector information 107 acquired by
the motion detecting part 7 into a bit stream 103.

The coding mode determining part 5 1s a functional unit for
determining the coding mode for each macro block. The
motion compensation region dividing part 6 1s a functional
unit for dividing the interior of each macro block into regions
determined by the coding mode determining part 5. The
motion detecting part 7 1s a functional unit for performing a
motion detection 1in units of each of the regions divided by the
motion compensation region dividing part 6. The motion
compensation part 8 1s a functional umt for performing a
motion compensation prediction using the motion vector
information 107 acquired by the motion detecting part 7 so as
to acquire a prediction image. The subtractor 9 is the one for
acquiring differences between the pixel values of the predic-
tion 1mage acquired by the motion compensation part 8 and
those of the mputted image. The block dividing part 10 1s a
functional unit for acquiring the pixel value differences
acquired by the subtractor 9 as a prediction error image 1n
units of each macro block, and for dividing the interior of each
macro block of the mputted image or the prediction error
image into rectangular blocks each having a size, which 1s
determined beforehand, on the basis of the block size speci-
fication information 108.

The transformation/quantization part 11 1s a functional unit
for carrying out an orthogonal transformation process and
quantization in units of each of the blocks divided by the
block dividing part 10, and for outputting the coetficient data
109. The inverse quantization/inverse transformation part 12
1s a functional unit for carrying out mverse quantization/
inverse transformation on the basis of the coellicient data 109
outputted from the transformation/quantization part 11 so as
to acquire a decoded prediction error image. The adder 13 1s
the one for adding the decoded prediction error image
acquired by the mverse quantization/inverse transformation
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part 12 and the prediction 1mage acquired by the motion
compensation part 8 so as to acquire a decoded 1image. The
reference image memory 14 1s the one for storing the decoded
image outputted from the adder 13 as a reference 1mage.

Next, the operation of the moving image coding apparatus
of Embodiment 1 will be explained.

First, an inputted image 101 1s inputted to the macro block
dividing unit 2 and 1s divided into macro blocks each having
a predetermined macro block size on the basis of the macro
block size specification information 102 which 1s determined
on a frame-by-frame basis. The macro block size specifica-
tion information 102 1s the one showing a size which can be
selected from among, for example, 16 pixelsx16 lines and 32
pixelsx32 lines, and will be explained below. The macro
block size specification mnformation 102 specified 1s inputted
to the entropy coding unit 4 and 1s entropy-coded, and 1s then
multiplexed 1nto a bit stream 103.

The macro block size specification mnformation 102 1s out-
putted from the macro block size determiming unit 1. The
macro block size determining unit 1 calculates a difference
between frames, and, when this frame difference 1s small,
uses macro blocks of 32 pixelsx32 lines, whereas when the
frame difference 1s large, uses macro blocks of 16 pixelsx16
lines. As a second method, the macro block size determining
unit performs a motion detection in units of 32 pixelsx32
lines, and also performs a motion detection in units of 16
pixelsx16 lines, and calculates a prediction error for each
s1ze, and uses one of the sizes which provides a smaller
prediction error as the macro block size. As a third method,
the macro block size determining unit calculates a variance of
pixel values 1n units of 32 pixelsx32 lines and a variance of
pixel values 1n units of 16 pixelsx16 lines, and uses one of the
s1zes which provides a smaller averaged variance 1n a frame
as the macro block size. As an alternative, using a combina-
tion of two or more of these methods, the macro block size can
be determined.

As a fourth method, the macro block size determining unit
can automatically determine the macro block size according
to the resolution of the image by, for example, using, 1n a case
in which the mputted 1mage has a resolution higher than a
predetermined resolution, the size of 32 pixelsx32 lines, or
using the size of 16 pixelsx16 lines otherwise. In this case,
because the macro block size 1s decided by the resolution, 1t 1s
not necessary to multiplex the macro block size specification
information 102 into the bit stream 103.

As an alternative, some possible values of the macro block
s1ze can be predetermined respectively according to pieces of
information (referred to as profiles) each of which 1s a prede-
termined combination of coding parameters which are avail-
able for a usage pattern, and the macro block size can be
automatically determined from the possible values according
to a selected profile.

The mputted 1image 101 which are divided into macro
blocks 1s inputted to the motion compensation region dividing,
part 6, the intra prediction block dividing part 15, or the block
dividing part 10 within the macro block coding unit 3 accord-
ing to the coding mode determined for each macro block.

Macro block type information, motion compensation
region shape information 104, and intra prediction block size
information 105 are included 1n the coding mode determined
for each macro block. The macro block type information is
the one which can be selected from information showing a
mode (an inter mode) 1n which iter-frame prediction coding,
1s carried out, information showing a mode (an intra mode) 1n
which intra-frame coding 1s carried out, and information
showing a mode (an 1ntra prediction mode) in which intra-
frame prediction coding 1s carried out. Although the selection
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6

of a mode from these modes 1s carried out by the coding mode
determining part 5, because the selection method of selecting
a mode from these modes 1s not related directly to the features
of the present invention, the explanation of the method will be
omitted hereatter.

The coding mode determining part 5 determines a further-
detailed coding mode for each of the above-mentioned coding
modes. More specifically, in the case of the inter mode, the
coding mode determining part determines motion compensa-
tion region shape information 104 showing units on each of
which motion compensation 1s to be performed, and, in the
case of the intra prediction mode, determines 1ntra prediction
block size information 105 showing units on each of which
intra prediction 1s to be performed. The description of each of
the pieces of information will be explained later. The various
coding modes determined by the coding mode determining
part 5 are given to the entropy coding unit 4 as coding mode
information 106, and are coded 1n units of each macro block
by the entropy coding unit 4 and are multiplexed 1nto the bit
stream.

First, a case 1n which the inter mode 1s selected will be
explained.

The inputted image divided into macro blocks by the macro
block dividing unit 2 1s inputted to the motion compensation
region dividing part 6, and 1s further divided into regions each
having a certain shape, which are units on each of which
motion compensation is to be performed, on the basis of the
motion compensation region shape information 104 selected
by the coding mode determining part 5.

An example of the division of each macro block into
regions each of which 1s used as a unit for motion compen-
sation 1s shown 1 FIGS. 2 and 3.

In the case in which the macro block size 1s 16 pixelsx16
lines, each macro block 1s divided into eirther of regions
shown 1n (a) to (d) of FIG. 2 (a region of 16 pixelsx16 lines,
regions of 8 pixelsx16 lines, regions of 16 pixelsx8 lines, or
regions of 8 pixelsx8 lines), and, 1n a case 1n which each
macro block i1s divided into regions shown in (d), each block
ol 8 pixelsx8 lines can be further divide into either of regions
shown 1 (e) to (h) of FIG. 2 (a region of 8 pixelsx8 lines,
regions of 4 pixelsx8 lines, regions of 8 pixelsx4 lines, or
regions of 4 pixelsx4 lines). In the case 1n which the macro
block size 1s 32 pixelsx32 lines, each macro block can be
divided into either of regions shown 1n (a) to (d) of FIG. 2, as
in the case in which the macro block size 15 16 pixelsx16 lines.
As another example, each macro block can be divided into
regions shown in either of (3) to (k) of FIG. 3 (a region of 32
pixelsx32 lines, regions of 16 pixelsx32 lines, regions of 32
pixelsx16 lines, or regions of 16 pixelsx16 lines) and, 1n a
case 1n which each macro block 1s divided 1nto regions shown
in (k), each block o1 16 pixelsx16 lines can be further divided
into regions shown 1n either of (3) to (k) of FIG. 3. Information
speciiying one of these dividing methods 1s the motion com-
pensation region shape information 104. As mentioned
above, 1n the motion compensation region shape information
104, the region shapes which can be selected can be changed
according to the macro block size.

The mputted image 1n which each macro block 1s divided
into regions having a certain shape, each of which 1s used as
a unit on which motion compensation 1s to be performed, 1s
inputted to the motion detecting part 7, and a motion detection
1s performed on the mputted 1mage using one or more refer-
ence 1mages stored 1n the reference image memory 14 by the
motion detecting part. The motion detecting part 7 searches
for a predetermined region of a reference 1mage 1n units of
cach of the regions determined by the motion compensation
region dividing part 6 so as to detect an optimal motion vector.
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FIG. 4 1s an explanatory drawing of this motion vector detec-
tion. Because the motion vector detecting operation 1s known,
the detailed explanation of the operation will be omitted
hereafter.

The motion vector information 107 acquired by the motion
detecting part 7 1s iputted to the entropy coding unit 4, 1s
entropy-coded and multiplexed nto the bit stream 103, and 1s
also mputted to the motion compensation part 8. The motion
compensation part 8 generates a prediction 1mage using a
reference 1image stored 1n the reference image memory 14 and
the motion vector information 107 from the motion detecting,
part 7. A difference between the prediction image acquired by
the motion compensation part 8 and the inputted image which
are divided 1nto macro blocks 1s acquired by the subtractor 9,
and this difference 1s inputted to the block dividing part 10 as
a prediction error image. The block dividing part 10 divides
this prediction error image into blocks each of which 1s used
as a unit on which transformation (orthogonal transformation
like DCT) and quantization are to be performed on the basis
of the block size specification information 108.

The block size specification information 108 1s the one
which can be selected from, for example, information show-
ing 8 pixelsx8 lines and information showing 4 pixelsx4
lines. As another example, the selectable block size specifi-
cation information 108 can be changed according to the
macro block size. For example, in the case in which each
macro block has a size of 16 pixelsx16 lines, the block size
specification information 108 1s the one which can be selected
from information showing 8 pixelsx8 lines and information
showing 4 pixelsx4 lines, whereas 1n the case 1n which each
macro block has a size of 32 pixelsx32 lines, the block size
specification information 108 1s the one which can be selected
from information showing 16 pixelsx16 lines and informa-
tion showing 8 pixelsx8 lines. The selected block size speci-
fication information 108 1s inputted to the entropy coding unit
4, 1s entropy-coded, and 1s multiplexed into the bit stream
103.

As another example, the block size can be determined
according to the macro block size. For example, in the case in
which each macro block has a size of 16 pixelsx16 lines, the
block size 1s set to 4 pixelsx4 lines, and, in the case 1n which
cach macro block has a size of 32 pixelsx32 lines, the block
s1ze 1s set to 8 pixelsx8 lines. In this case, because the block
s1ze 1s determined according to the macro block size, 1t 1s not
necessary to multiplex the block size specification informa-
tion 1nto the bit stream 103.

The prediction error image divided 1nto blocks 1s inputted
to the transformation/quantization part 11, and orthogonal
transformation and quantization are performed on the predic-
tion error 1mage. Coellicient data 109 acquired as the results
of the orthogonal transformation and quantization processing
are entropy-coded by the entropy coding unit 4, and are mul-
tiplexed into the bit stream 103. The coeificient data 109
acquired by the transformation/quantization part 11 are tur-
ther inputted to the mverse quantization/inverse transforma-
tion part 12, and mverse quantization/inverse transformation
1s performed on the coeflicient data, so that a decoded pre-
diction error image 1s acquired. The decoded prediction error
image 1s added to the prediction image acquired by the motion
compensation part 8 by the adder 13, and the addition resultis
then outputted as a decoded image. Because the decoded
image 1s used as a reference 1image in performing coding of
subsequent mputted 1mages, the decoded 1mage 1s stored 1n
the reference 1mage memory 14.

Next, a case in which the intra mode 1s selected will be
explained.
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The inputted 1mage which 1s divided into macro blocks by
the macro block dividing unit 2 1s inputted to the block divid-
ing part 10. The operation of the block dividing part 10 1s the
same as that i the case of the inter mode. Orthogonal trans-
formation and quantization are performed on the inputted
image divided into blocks by the transformation/quantization
part 11. Coetlicient data 109 acquired as the results of the
orthogonal transformation and quantization processing are
entropy-coded by the entropy coding unit 4, and are multi-
plexed into the bit stream 103. The coelficient data 109
acquired by the transformation/quantization part 11 are fur-
ther inputted to the inverse quantization/inverse transforma-
tion part 12, and mverse quantization/inverse transformation
1s performed on the coelficient data, so that a decoded 1image
1s acquired. Because the decoded image 1s used as a reference
image in performing coding of subsequent inputted images,
the decoded 1mage 1s stored in the reference 1mage memory
14.

Next, a case in which the intra prediction mode 1s selected
will be explained.

The mputted image which 1s divided into macro blocks by
the macro block dividing unit 2 1s mputted to the intra pre-
diction block dividing part 15. The intra prediction block
dividing part 15 divides each macro block into blocks each of
which 1s used as a unit on which an 1ntra prediction 1s to be
performed on the basis of the intra prediction block size
information 105. The intra prediction block size information
105 1s the one which can be selected from 1nformation show-
ing 16 pixelsx16 lines and information showing 4 pixelsx4
lines. As another example, the selectable intra prediction
block size information 105 can be changed according to the
macro block size. For example, in the case 1in which each
macro block has a size of 16 pixelsx16 lines, the intra predic-
tion block size information 105 1s the one which can be
selected from information showing 16 pixelsx16 lines and
information showing 4 pixelsx4 lines, and in the case 1n
which each macro block has a size of 32 pixelsx32 lines, the
intra prediction block size information 105 1s the one which
can be selected from information showing 32 pixelsx32 lines
and information showing 8 pixelsx8 lines.

The mputted 1mage which 1s divided into blocks by the
intra prediction block dividing part 15 1s inputted to the intra
prediction part 16, and an intra prediction 1s performed on the
inputted 1mage by the intra prediction part. Although a
detailed explanation of the intra prediction will be omitted
hereafter because the intra prediction 1s known, the intra
prediction part predicts each pixel value 1n each target block
to be coded from the pixel values of coded neighboring blocks
(from the pixel values of blocks A to D of FIG. 5) to generate
a prediction image, as shown 1n FIG. 5. A difference between
the prediction image acquired by the intra prediction part 16
and the inputted image divided into macro blocks 1s acquired
by the subtractor 9, and this difference 1s inputted to the block
dividing part 10 as a prediction error image. The operation of
the block dividing part 10 1s the same as that 1n the case of the
inter mode.

The prediction error image divided into blocks 1s inputted
to the transformation/quantization part 11, and orthogonal
transformation and quantization are performed on the predic-
tion error 1image by the transformation/quantization part.
Coellicient data 109 acquired as the results of the orthogonal
transformation and quantization processing are entropy-
coded by the entropy coding unit 4, and are multiplexed into
the bit stream 103. The coelficient data 109 acquired by the
transiformation/quantization part 11 are further inputted to the
iverse quantization/inverse transformation part 12, and
inverse quantization/inverse transformation 1s performed on
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the coetlicient data by the inverse quantization/inverse trans-
formation part, so that a decoded prediction error 1mage 1s
acquired. The decoded prediction error image 1s added to the
prediction 1mage acquired by the intra prediction part 16 by
the adder 13, and the addition result 1s outputted as a decoded
image. Because the decoded image 1s used as a reference
image 1n performing coding of subsequent mputted images,
the decoded 1mage 1s stored in the reference 1image memory
14.

In the above-mentioned embodiment, the macro block size
information can be changed on a frame-by-frame basis. As
shown 1n an example shown 1n FIG. 6, the macro block size
information can be changed 1n units of each set (referred to as
cach slice) of some of a plurality of macro blocks 1into which
the interior of each frame 1s divided. The coding processing,
has only to be carried out, as mentioned 1n the above embodi-
ment, by assuming each slice as one frame. At this time, the
macro block size specification mnformation 102 1s multi-
plexed into the bit stream 103 1n units of each slice.

The macro block size information can be changed 1n units
ol each sequence which 1s a set of a plurality of continuous
frames. At this time, the macro block size specification infor-
mation 102 1s multiplexed 1nto the bit stream 103 1n units of
cach sequence.

As a variant, whether to change the macro block size speci-
fication information for each frame or for each sequence can
be selected. In this case, information indicating whether to
change the macro block size specification information for
cach frame 1s multiplexed 1nto the bit stream 103 1n units of
cach sequence, and, when changing of the macro block size
specification information for each frame 1s selected, the
macro block size specification mnformation 102 1s multi-
plexed into the bit stream 103 1n units of each frame, whereas
when changing of the macro block size specification infor-
mation for each sequence 1s selected, the macro block size
specification information 102 1s multiplexed into the bat
stream 103 1n units of each sequence.

As mentioned above, the moving 1image coding apparatus
in accordance with Embodiment 1, which divides a moving
image 1nto rectangular regions and codes each of the rectan-
gular regions independently, includes: the rectangular region
s1ze determination means for determining a size of each of the
rectangular regions for either each frame or each sequence
which 1s a set of a plurality of continuous frames; the rectan-
gular region dividing means for dividing an mputted image
into rectangular regions each having the size determined by
the rectangular region size determination means; and the
rectangular region coding means for determining a coding,
mode for each of the rectangular regions, and for coding pixel
values 1n each of the rectangular regions 1n the determined
coding mode.

Theretfore, the moving 1image coding apparatus can select
an appropriate rectangular region size according to the
descriptions of the image (e.g., the intensity of a motion in the
image, the fineness of a pattern 1n the 1mage, etc.), the reso-
lution of the 1image, or a profile, thereby being able to improve
the coding efficiency, and can reduce the increase i the
amount ol codes due to the addition of the rectangle size
information because, for example, only several bits of code
amount for each frame or each sequence 1s needed as the code
amount of the rectangle size information.

In addition, because the moving image coding apparatus in
accordance with Embodiment 1 includes the rectangular
region size information multiplexing means for multiplexing,
the rectangular region size information determined by the
rectangular region size determination means into a bit stream,
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the moving 1mage coding apparatus can change the rectangu-
lar region size adaptively according to the characteristics of
the 1mage, or the like.

Furthermore, in the moving 1mage coding apparatus in
accordance with Embodiment 1, because the rectangular
region size determination means determines the rectangular
region size according to the resolution of the inputted image.
Therefore, the moving 1image coding apparatus does not need
to multiplex the rectangular region size information 1nto the
bit stream, and can reduce the overhead of the processing.

In addition, 1n the moving image coding apparatus 1n accor-
dance with Embodiment 1, the rectangular region coding
means 1ncludes: the coding mode determining means for
determining the coding mode for each of the rectangular
regions; the motion compensation region dividing means for
dividing an interior of each of the rectangular regions into
regions determined by the coding mode determining means;
the motion detecting means for performing a motion detec-
tion on each of the regions divided by the motion compensa-
tion region dividing means; the motion compensation means
for performing a motion compensation prediction using
motion vector information acquired by the motion detecting
means so as to acquire a prediction 1image; the block dividing
means for acquiring differences between pixel values of the
prediction 1mage and pixel values 1n each of the rectangular
regions as a prediction error 1mage in units of each of the
rectangular regions, and for dividing an interior of each of the
rectangular regions of either the mputted 1mage or the pre-
diction error 1mage into rectangular blocks each having a
predetermined size; and the transformation/quantization
means for performing an orthogonal transformation and
quantization process on each of the blocks divided by the
block dividing means. Therefore, the moving image coding
apparatus can also support the inter mode 1n which it performs
inter-frame prediction coding as the coding mode determined
for each rectangular region size.

In the moving 1mage coding apparatus 1n accordance with
Embodiment 1, the rectangular region coding means
includes: the intra prediction block dividing means for divid-
ing the iterior of each of the rectangular regions 1nto rectan-
gular blocks defined by the coding mode; the intra prediction
means for performing an 1ntra prediction on each of the rect-
angular blocks divided by the intra prediction block dividing
means so as to acquire a prediction image; the block dividing
means for acquiring a prediction error image 1n units of each
of the rectangular regions as the differences between the pixel
values of the prediction image and the pixel values 1n each of
the rectangular regions, and for dividing the interior of each of
the rectangular regions of either the inputted image or the
prediction error 1image mto rectangular blocks each having
the predetermined size; and the transformation/quantization
means for performing a quantization and orthogonal transior-
mation process on each of the blocks divided by the block
dividing means. Therefore, the moving 1image coding appa-
ratus can also support the intra prediction mode 1n which 1t
performs intra-frame prediction coding as the coding mode
determined for each rectangular region size.

Embodiment 2

Embodiment 2 relates to a moving image decoding appa-
ratus which decodes a bit stream which 1s coded with the

macro block size being selected independently on a frame-

by-iframe basis.
FIG. 7 1s a block diagram of the moving image decoding

apparatus in accordance with Embodiment 2.
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In the figure, the moving 1image decoding apparatus 1s
provided with an entropy decoding unit 21 and a macro block
decoding unit (a rectangular region decoding means) 22. In
this case, the entropy decoding unit 21 1s a processing unit
which performs entropy decoding on an mputted bit stream
201, and which implements a rectangular region size deter-
mination means for determining the size of each of rectangu-
lar regions 1n units of each frame or 1n units of each sequence
which 1s a set of a plurality of continuous frames, a coding,
mode decoding means for decoding a coding mode which 1s
determined for each rectangular region, a motion-vector-in-
formation decoding means for decoding motion vector infor-
mation in units of each region for motion compensation, and
a block size determining means for determining the size of
cach of rectangular blocks which 1s used as a unit on which
inverse quantization and inverse orthogonal transformation
are to be performed.

The macro block decoding unit 22 1s comprised of a coding
mode changing part 23, a motion compensation region divid-
ing part (a motion compensation region dividing means) 24, a
motion compensation part (a motion compensation means)
25, a reference 1mage memory 26, an inverse quantization/
iverse transformation part (an 1mverse quantization/inverse
orthogonal transformation means) 27, an adder 28, an intra
prediction block dividing part 29, and an intra prediction part
(an 1ntra prediction means) 30.

The coding mode changing part 23 1s a functional unit for
changing the coding mode on the basis of macro block type
information 204. The motion compensation region dividing
part 24 1s a functional unit for dividing the interior of each
macro block into regions which are defined by motion com-
pensation region shape information 206. The motion com-
pensation part 25 1s a functional unit for performing a motion
compensation prediction using motion vector mmformation
207 so as to acquire a prediction 1image. The inverse quanti-
zation/inverse transformation part 27 1s a functional unit for
carrying out an mnverse quantization/inverse orthogonal trans-
formation process on coellicient data 208 1n units of each
macro block on the basis of block size specification informa-
tion 203 so as to acquire a prediction error image. The adder
28 1s the one for adding the prediction error image outputted
from the inverse quantization/inverse transformation part 27
and the prediction image outputted from the motion compen-
sation part 25 so as to acquire a decoded 1mage 209. The
reference image memory 26 1s the one for storing the decoded
image 209 as a reference image.

Next, the operation of the moving 1mage decoding appa-
ratus 1n accordance with Embodiment 2 will be explained.

First, an mput bit stream 201 1s inputted to the entropy
decoding unit 21, and macro block size specification infor-
mation 202, block size specification information 203, coding,
mode (macro block type information 204, intra prediction
block size information 205, and motion compensation region
shape information 206), motion vector information 207, and
coellicient data 208 are decoded. The macro block size speci-
fication information 202 is the information decoded 1n units
of each frame, and the coding mode 1s the information
decoded 1n units of each macro block having a size deter-
mined by the macro block size specification information 202.
The motion vector information 207 1s the information
decoded in units of the decoded motion compensation region
shape mformation 206.

Next, the macro block size i1s determined by using the
macro block size specification information 202, and subse-
quent decodings are carried out 1n units of each macro block
having the determined size by the macro block decoding unit
22. In a case 1n which the macro block type 1s the inter mode,
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a motion compensation prediction is carried out, whereas 1n a
case 1 which the macro block type 1s the intra prediction
mode, an intra prediction 1s carried out.

First, the case in which the macro block type 1s the inter
mode will be explained.

The motion compensation region dividing part 24 divides
the interior of each macro block having a specified size into
regions each of which 1s used as a unit on which motion
compensation 1s to be performed on the basis of the motion
compensation region shape information 206 decoded by the
entropy decoding unit 21. The descriptions of the motion
compensation region shape information 206 are the same as
that of the motion compensation region shape information
104 shown 1n Embodiment 1. The motion compensation part
235 generates a prediction 1mage 1n units of each region deter-
mined by the motion compensation region dividing part 24 by
using the decoded motion vector information 207 and a ref-
crence 1mage included in the reference image memory 26.
The motion vector information 207 1s also the same as that of
the motion vector information 107 shown 1n Embodiment 1.

The coellicient data 208 decoded by the entropy decoding,
unit 21 are mputted to the mverse quantization/inverse trans-
formation part 27. The inverse quantization/inverse transior-
mation part 27 performs an inverse quantization/inverse
transformation process on the coellicient data on the basis of
the decoded block size specification information 203. More
specifically, when the block size specification information
203 shows, for example, 4 pixelsx4 lines, the inverse quanti-
zation/inverse transformation part carries out the inverse
quantization/inverse transformation 1 units of 4 pixelsx4
lines, so that a prediction error 1mage 1s decoded.

The prediction image generated by the motion compensa-
tion part 25 and the prediction error image decoded by the
inverse quantization/inverse transformation part 27 are added
by the adder 28, and a decoded image 209 1s acquired.
Because the decoded image 209 1s used for subsequent
decoding, it 1s stored in the reference 1mage memory 26.

Next, the case in which the coding mode 1s the intra mode
will be explained.

The decoded coetlicient data 208 are inputted to the inverse
quantization/inverse transformation part 27. The operation of
the inverse quantization/inverse transformation part 27 1s the
same as that in the case of the inter mode. The result of the
inverse quantization/inverse transformation is outputted as a
decoded 1mage 209. The decoded image 209 1s stored 1n the
reference 1mage memory 26, as in the case of the inter mode.

Next, the case in which the coding mode 1s the intra pre-

diction mode will be explained.

The intra prediction block dividing part 29 divides the
interior of each macro block into blocks each of which 1s used
as a unit on which an intra prediction 1s to be performed on the
basis of the intra prediction block size information 203
decoded by the entropy decoding unit 21. The description of
the 1ntra prediction block size information 205 1s the same as
that of the intra prediction block size information 105 shown
in Embodiment 1. The intra prediction part 30 carries out an
intra prediction 1n units of each block determined by the intra
prediction block dividing part 29. Although a detailed expla-
nation of the intra prediction will be omitted hereafter
because the intra prediction 1s known, the intra prediction part
generates predicted values of a target block to be coded (a
prediction 1mage) using the pixel values of already-decoded
neighboring blocks, like the intra prediction part 16 of
Embodiment 1.

On the other hand, the coelficient data 208 decoded by the
entropy decoding unit 21 are inputted to the inverse quanti-
zation/inverse transformation part 27. The operation of
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inverse quantization/inverse transtformation part 27 1s the
same as that in the case of the inter mode. The result of the
iverse quantization/inverse transformation 1s outputted as a
prediction error image. The prediction image generated by
the intra prediction part 30 and the prediction error 1image
decoded by the inverse quantization/inverse transformation
part 27 are added by the adder 28, and a decoded 1mage 209
1s acquired. Because the decoded image 209 1s used for sub-
sequent decodings, 1t 1s stored 1n the reference image memory
26.

In above-mentioned Embodiment 2, the macro block size
specification mformation 1s decoded 1n units of each frame,
and the inputted bit stream 1s decoded with the macro block
s1ze being changed for each frame. As an alternative, the
macro block size specification information can be decoded in
units of each slice which 1s a set of a plurality of macro blocks,
and the mputted bit stream can be decoded with the macro
block size being changed for each slice.

In another example, the macro block size specification
information can be decoded 1n units of each sequence which
1s a set of a plurality of frames, and the mnputted bit stream can
be decoded with the macro block size being changed for each
sequence.

In another example, information indicating whether to
change the macro block size for each frame or for each
sequence 1s decoded 1n units of each sequence, and, when
changing of the macro block size for each frame 1s selected,
the macro block size specification information 1s decoded in
units of each frame, whereas when changing of the macro
block size for each sequence 1s selected, the macro block size
specification information 1s decoded 1n umts of each
sequence.

Furthermore, the entropy decoding unit 21 decodes the
macro block size specification information multiplexed 1nto
the bit stream, as mentioned above. As an alternative, the
moving image decoding can automatically determine the
macro block size specification information according to the
resolution of the image to be decoded by using, for example,
32 pixelsx32 lines 1n a case 1n which the 1image to be decoded
has a resolution higher than a predetermined resolution, or 16
pixelsx16 lines 1n a case 1n which the 1image to be decoded has
a resolution lower than the predetermined resolution.

As mentioned above, the moving 1image decoding appara-
tus 1n accordance with Embodiment 2, which divides a mov-
ing 1mage into rectangular regions and codes each of the
rectangular regions imndependently, includes the rectangular
region size determination means for determining the size of
cach of the rectangular regions for either each frame or each
sequence which 1s a set of a plurality of continuous frames;
the coding mode decoding means for decoding a coding mode
determined for the each of the rectangular regions; and the
rectangular region decoding means for decoding pixel values
in each of the rectangular regions in the coding mode decoded
by the coding mode decoding means. Therefore, the moving,
image decoding apparatus can decode a moving image which
1s coded elliciently with the rectangular region size being
changed on a frame-by-frame or sequence-by-sequence
basis. Furthermore, because the rectangular region size 1s
changed on a frame-by-frame or sequence-by-sequence
basis, the present embodiment offers an advantage of reduc-
ing the workload required for the changing of the rectangular
region size, as compared with, for example, a case 1n which
the rectangular region size 1s changed within each frame.

Furthermore, in the moving image decoding apparatus in
accordance with Embodiment 2, because the rectangular
region size determination means decodes rectangular region
s1ze 1information which 1s multiplexed into a bit stream 1n
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units of each frame or each sequence which 1s a set of a
plurality of continuous frames, and determines the rectangu-
lar region size on the basis of the decoded result, the moving
image decoding apparatus can change the rectangular region
s1ze easily and adaptively according to the characteristics of
the 1mage, or the like.

In addition, 1n the moving image decoding apparatus in
accordance with Embodiment 2, because the rectangular
region size determination means determines the rectangular
region size according to the resolution of an image to be
decoded, the moving image decoding apparatus does notneed
to decode the rectangular region size information separately,
and can reduce the overhead of the processing.

Furthermore, in the moving image decoding apparatus 1n
accordance with Embodiment 2, the coding mode decoded by
the coding mode decoding means mcludes motion compen-
sation region shape information showing a shape of each of
unit regions for motion compensation, and the rectangular
region decoding means includes: the motion compensation
region dividing means for dividing an interior of each of the
rectangular regions into regions defined by the motion com-
pensation region shape information, a motion-vector-infor-
mation decoding means for decoding motion vector informa-
tion i units of each of the unit regions for motion
compensation; the motion compensation means for performs-
ing a motion compensation prediction using the motion vec-
tor information acquired by the motion vector decoding
means so as to acquire a prediction image; the block size
determining means for determiming a size of each of rectan-
gular blocks which 1s used as a unit on which mverse quan-
tization and inverse orthogonal transformation are to be per-
formed; and the inverse quantization/inverse orthogonal
transiformation means for performing an inverse quantization/
inverse orthogonal transformation process on the each of the
rectangular blocks. Therefore, the moving image decoding
apparatus can also support, as a coding mode, the inter mode
in which 1t performs inter-frame prediction coding.

In addition, 1n the moving image decoding apparatus in
accordance with Embodiment 2, because the coding mode
decoded by the coding mode decoding means includes intra
prediction block size information showing a shape of each of
unit regions for intra prediction, and the rectangular region
decoding means includes the intra prediction means for per-
forming an intra prediction on each of the rectangular blocks
defined by the 1ntra prediction block size information so as to
acquire a prediction 1image, the moving image decoding appa-
ratus can also support, as a coding mode, the intra prediction
mode 1n which 1t performs 1ntra-frame prediction coding.

Furthermore, in the moving image decoding apparatus 1n
accordance with Embodiment 2, because the motion compen-
sation region shape information 1s the decoded shape of each
of the unit regions for motion compensation which 1s set up
for each rectangular region size, the moving 1image decoding
apparatus can also support, as a coding mode determined for
cach rectangular region size, the inter mode 1n which 1t per-
forms inter-frame prediction coding.

In addition, 1n the moving image decoding apparatus in
accordance with Embodiment 2, because the intra prediction
block si1ze information is a decoded intra prediction block size
which 1s set up for each rectangular region size, the moving
image decoding apparatus can also support, as a coding mode
determined for each rectangular region size, the intra predic-
tion mode 1n which 1t performs intra-frame prediction coding.

INDUSTRIAL APPLICABILITY

As mentioned above, the moving 1image coding apparatus
in accordance with the present mnvention which can code an
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image while changing the size of each of rectangular regions
adaptively according to the resolution or the descriptions of
the 1image (in the vicinity of a boundary of a region having
large intensity of motion or a region including different
motions (a person and a background, or the like), and which 5
can suppress the increase 1n the rectangle size information of
the coded 1image due to the changing, and the moving image
decoding apparatus 1n accordance with the present invention
are suitable for applications in apparatus which can transmuit
and recetve a digital moving 1mage (e.g., a mobile terminal 10
with a TV phone function).

The mvention claimed 1s:

1. A moving image decoding method for decoding an
encoded bit stream, the encoded bit stream being obtained by
dividing a moving image into rectangular regions and coding
the rectangular regions as units, the method comprising:

a rectangular region size decoding step of decoding infor-
mation about a size of the rectangular regions for each
sequence which 1s a set of a plurality of continuous
frames;

15

16

a rectangular region size determining step of determining,
the s1ze of the rectangular regions based on the informa-
tion about the size of the rectangular regions decoded by
the rectangular region size decoding step;

a coding mode decoding step of decoding coding mode
information determined for each of the rectangular
regions; and

a rectangular region decoding step of decoding pixel values
in each of the rectangular regions using the coding mode
information decoded by the coding mode decoding step
and using the size of the rectangular regions determined
by the rectangular region size determining step;

wherein the rectangular region decoding step decodes
block size indication information indicating a unit on
which an inverse quantization and inverse orthogonal
transformation process are to be performed, and per-
forms the iverse quantization and 1nverse orthogonal
transformation process based on the block size indica-
tion 1nformation.
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